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IMPROVEMENT OF HEXAFERRITES CRYSTAL GROWTH

11) CRYSTAL GROWTH.
Crystals were grown by the technique of spontaneous germination from a high temperature solution with slow cooling from 0.5 to 10c.h-1 associated with Acce- The solution-can be considered as hexaferrite dissolved in Na Fe 02 flux. The average crystal thickness was 10 mm, which corresponds to a weight of about 7-8 g. All crystal sizes reported in the tables (except.for Table  3 ) correspond to crystals detached from the crucible, i.e. which may have cleaved during manipulation (Fig. 1) . The rise of liquidus temperature due to the presence of Na20 may attain 100" when compared to the BaO -B2O3 flux (TL = 1 150°). The growth of ferrite single crystals at temperature of the order of 1300' may be accompanied by ~e 2 + formation which induces a significant increase of the linewidth.. We have tried to grow at lower temperatures by adding Sodium fluoride (NaF) to the flux. A drop of 50" was obtained and the viscosity was strongly decreased but the results remained unchanged. On the other hand, the strong evaporation of NaF associated with the property to climb on the crucible walls and to pollute the ceramic pieces led us to omit this additive. .) Na20 -Fez03 flux.
( Table 2 ). As the Fe203 concentration is increased the growth 26.3 lo was significantly improved. This was particularly clear Table 2 -Na20-Fez03 flux.
when the flux ratio Na20:Fe203
Growthtemp. : 1350 -1100" was close to unity (melts 6, 7, Na20 and NaF2 fluxSodium oxide is an excellent solvent for hexaferrite 7 3 8 ,9 with a very wide range of stability of hexagonal phase (Table 1 Melt 4). The crystals obtained present an average thickness of 4 mm, the maximum being 12 mm. The yield was f a r l~ low (20 Wt %).
.) Na20 -BaO flux.
( Table I) Substituted hexaferrite -.) Sr F e 1 2 -~ Alx012. Aluminium oxide appeared to be very noxious to the growth of these crystals (Table 3 ). For any flux used the crystal size strongly decreased with increasing A1 content. The best results were again obtained with the Na Fe 02 flux. This is particularly due to the higher segregation coefficient of A1 (KA]) which permits, for a given doping, to reduce the amount of A1203 dissolved in the melt.
.) Ba Fe12-2~Zn~ Tix 019 - (Table 4) . Only a solution poor in ZnO permitted to obtain crystals of M type without a secondary spinel1 phase (Zn Fe2 04).
111) F.M.R. MEASUREMENTS.
The FMR linewidth of these crystals are measured in the bands 50-55 GHz and 90-100 GHz. The sample is located in a standard waveguide terminated by a movable shortcircuit. The C axis of the crystal is parallel to the static magnetic field (and perpendicular to the microwave magnetic field). The reflected power is observed. The sphere preparation from hexagonal crystals presents considerable difficulties due to the hexagonal structure which tends to cleave along directions parallel to the basal plane. The sample obtained had therefore a bad surface quality which drastically modifies the linewidth values. To try to separate the different contributions to the measured 1 inewidth, its temperature and frequency dependences have been studied. Measurements of the effective Iinewidth (AHeff) are also proposed -the intrinsic one which varies linearly with temperature and frequency 11. -the one due to defects such as inclusions, porosit~~and surface roughness which is independent of frequency and varies with Ms .
This latter process cannot act in the case of thin platelet samples when the appl ied field is strictly perpendicular to the basal plane. It also does not contribute to the effective linewidth.
Comparing the results for the sphere linewidth at 94 GHz and 300 K with AHeff and A H platelet indicates that the sphere linewidth is about one half due to the intrinsic losses and one half due to the losses induced by defects. These defects are assumed to be mainly surface roughness since FMR linewidth increases rapidly for small diameters (less than .3 mm) and tends to 45 Oe for larger spheres if the modes do not overlapp. The sphere linewidth is almost constant with temperature : this can be explained by the variation of Msversus T. The results on platelets seem to indicate that in this case there is a small contribution from the defects.. For polished platelets ( L) H 7 35 Oe) the 1 inewidth values are larger than for cleaved platelets ( A H = 32 Oe). The dielectric losses of the material are quite low ( t g S~ 2.10-3) indicating that no significant amount of ferrous iron is introduced despite the relatively high growth temperature employed.
IV) CONCLUSION.
The growth of hexaferrite single crystals of M type was significantly improved by the use of Na20 base flux of optimal composition Na Fe 02. Large-sized crystals (10 mm thick) were obtained in a reproductible way. Their quality was confirmed by F.M.R. measurements at 94 GHz despite of the difficulty to obtain spheres of good quality, due to the structural cleavage : Ba Fel2 019 -AH 4 35 Oe (94 GHz) -tg 6 4 2.10-3.
